The hepatitis C virus (HCV) is a major cause of liver disease and the complications of cirrhosis. Liver biopsies
Introduction
Chronic hepatitis C virus (HCV) affects nearly 3 million individuals in the United States and 170 million people worldwide. It is a leading cause of cirrhosis and end stage liver disease in developed countries. Approximately 70 to 80% of infected individuals develop chronic hepatitis C. 1, 2 The hallmarks of chronic HCV infection are liver fibrosis and inflammation. Over a 20 to 25 year period, almost a quarter of chronic HCV-infected patients develop cirrhosis. The exact mechanism(s) by which HCV leads to fibrosis or cirrhosis in some patients and less severe liver injury in others are not well understood. Epidemiological studies have identified several factors associated with the evolution of chronic HCV-related cirrhosis. Host factors including age at acquisition of the infection, gender, and the lifetime history of alcohol use positively correlate with the degree of liver fibrosis. 3 The importance of viral factors such as genotype and viral load as direct causes of liver injury is controversial, although both are important in predicting response to therapy. 4 A generally held hypothesis is that the host immune response to HCV infected hepatocytes is responsible for liver injury and the subsequent development of hepatic fibrosis. The cellular elements comprising the host immune response are neutrophils, monocyte-macrophages (Kupffer cells) and lymphocytes. Neutrophils and monocytemacrophages contain myeloperoxidase (MPO), an enzyme which catalyzes the reaction between chloride and hydrogen peroxide to generate hypochlorous acid and other reactive oxidants. 5 Several studies show that the local release of oxidants, together with cytokines, damage 'bystander' hepatocytes. This leads to the activation of hepatic stellate cells. [6] [7] [8] [9] Stellate cells produce extracellular matrix in the liver and their activity is recognized to be a central event in the development of hepatic fibrosis. 7, 10 Cellular levels of MPO can be influenced by a functional promotor polymorphism, −463G/A, preceding the MPO gene at chromosome 17q23.1. The −463G/A base exchange creates an SP1 transcription factor binding site in the G allele, 11 and an estrogen receptor binding site in the A allele. 12 The GG genotype is linked to two to threefold higher expression of MPO mRNA and protein compared with the GA or AA genotypes. 13 Recent studies show MPO genotype to be associated with increased risk for a variety of inflammatory and autoimmune conditions. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] This suggests the local cellular expression of MPO may play a role in the pathogenesis of different disease states. In the present study, we investigated the relationship between the MPO promoter polymorphism and liver fibrosis in patients with chronic (HCV) hepatitis.
Results

Patient characteristics
The demographic details of the study group are summarized in Table 1 . Briefly, the average age of the patients copies/ml. There were 102 (61%) patients with genotype GG, 53 (32%) patients with gentoype GA and 11 (7%) patients with genotype AA. The frequencies of MPO genotypes within the study group were similar to those previously reported in normal populations. 12, 21, 17 In order to assess the influence of the GG genotype, which may be associated with a higher level of MPO activity, the degree of liver fibrosis in patients with GG genotype were compared with those with non-GG (GA/AA) genotype. Male gender, alcohol history and duration of infection in a patient with chronic HCV infection are known to adversely effect liver fibrosis. 3 In order to establish whether any differences in the relationship between MPO genotype and liver fibrosis (see below) were independently associated, we compared the demographic features in patients with GG and non-GG MPO genotype using multivariate analysis (Table 2) . Patients with GG and non-GG genotypes had similar mean age (47 ± 8 and 48 ± 9 years respectively), duration of infection (21 years), serum HCV RNA levels (3.1 × 10 6 ± 2.3 × 10 5 and 3.4 × 10 6 ± 2.8 × 10 5 copies/mL respectively) and baseline serum ALT values (128 ± 7.2 and 134 ± 9.4 IU/mL respectively). However, there were significantly more patients with HCV genotype 1 who carried MPO genotype GG (67% GG) compared with patients with HCV genotypes 2, 3 or 6 (50% GG) (P = 0.03). The relationship between current alcohol consumption and MPO genotype GG and non-GG could not be reliably estimated given the large proportion of patients in both groups who were unable to estimate their alcohol intake (38% and 31%, respectively).
MPO GA/AA genotype is associated with more fibrosis compared with GG genotype
The relationship between MPO genotype and fibrosis is shown in Figure 1 . There was a significant difference amongst the groups (P Ͻ 0.05) in that patients with genotype GG had lower fibrosis scores compared with patients who had non-GG genotype. There were 79 (78%) patients with GG genotype with Knodell Fibrosis scores of 0 and 1 compared with 37 (58% who had non-GG genotype. This difference between MPO genotypes GG and non-GG was most apparent when comparing patients with portal fibrosis (Knodell score 1) and bridging fibrosis (Knodell score 3) (P Ͻ 0.001), as opposed to those with cirrhosis (Knodell score 4).
Interestingly, there were differences between percentages of MPO genotypes in HCV-1 infected patients versus non-HCV-1 infected patients: 67% of those with HCV-1 were GG genotype, compared to 50% of non-HCV-1 (2a, b, 3a, b, 4, 6) (P = 0.03). This raised the possibility that combinations of MPO and HCV genotypes could affect fibrosis. However, analysis showed no significant differences; patients with GA/AA genotype and Baseline ALT (mean ± s.d.) 128 ± 7.2 134 ± 9.4 n = 100 n = 63 s.d. refers to standard deviation. Alcohol history refers to current consumption. n indicates the number of subjects for whom data was available. Genes and Immunity HCV-1 had a mean Knodell fibrosis score of 1.86, compared with 1.72 for GA/AA and non-HCV-1 ( 
Discussion
We found a clear relationship between MPO genotype and the severity of fibrosis in patients with chronic HCV infection. Patients with GA/AA genotype had more fibrosis compared to patients with GG genotype. These findings could not be reliably explained by differences in the duration of disease, alcohol history or gender; factors known to adversely effect the rate of fibrosis in patients with HCV. The trend we observed for increased fibrosis in GA/AA compared with GG genotypes was due to significant differences between the two groups with portal and bridging fibrosis, although a similar association was not observed in cirrhotic patients. Precisely why the GG genotype is associated with less rather than more fibrosis compared with non-GG genotype is unclear. In vitro studies suggest that the GG genotype is associated with a two to three-fold higher expression of MPO mRNA and protein than the GA or AA genotypes. 13 Thus, individuals with GG genotype would be predicted to have more oxidant-related hepatocyte damage compared with those of non-GG genotype. If so, this should result in greater stellate cell activation. However, our study shows the converse to be the case. Additionally, the reasons for not observing this effect for the GA/AA genotypes in cirrhotic patients relative to GG genotypes are not clear. This may be related to the relatively small number of patients with cirrhosis in this study (ie, a type II error). Alternatively the role of oxidant-related stellate cell activation and hepatocyte damage may be altered in cirrhosis compared to those with mild/moderate fibrosis, resulting in relative changes in the MPO genotype association. This hypothesis will require confirmation in larger studies.
The mechanisms through which MPO could be associated with hepatic fibrosis are unknown but likely to involve oxidants. Based on previous studies of MPO involvement in other inflammatory disease states, one possible mechanism is that invading neutrophils or monocyte-macrophages release MPO at inflammatory sites within the liver, and MPO generated hypochlorous acid and other oxidants damage bystander hepatic cells, eventually leading to fibrosis. Consistent with this fact, one of the hallmarks of the histopathological liver changes of chronic HCV infection is that of a chronic inflammatory cell infiltrate. MPO gene expression might also be induced in Kupffer cells, as resident macrophages in the liver. This phenomenon has also been observed in resident brain macrophage-microglia surrounding Alzheimer's plaques. 15 In addition to direct damage of hepatocytes, macrophage-generated oxidants are thought to stimulate production of extracellular matrix by Kupffer cells in the liver. 8 These hypotheses all assume that higher MPO expression leads to more fibrosis, which seems likely based on the ability of MPO to generate hypochlorous acid and other reactive oxidizing species.
MPO also has inhibitory effects on natural killer cell activity and T cell proliferation. 27, 28 Recent studies show the level of cytotoxic T cell (CTL) activity strongly influences the course of fibrosis in patients with chronic HCV infection. 29 Thus lower MPO expression in patients with genotype GA/AA may lead to higher CTL activity. However, this hypothesis remains to be tested. Less MPO expression might also stimulate the local T cell response against viral-positive hepatocytes, thus promoting fibrosis. Consistent with that concept, disruption of the MPO gene in mice led to exacerbated atherosclerosis, 30 and increased incidence of experimental autoimmune encephalomyelitis, a CD4 T cell mediated demyelinating disease which is a model for multiple sclerosis. 31 A number of studies now suggest that MPO genotype is differentially associated with various disease states. The GG genotype has been associated with increased incidence of myeloid leukemia, 13 multiple sclerosis (females), 20 Alzheimer's disease (females), 15 lung cancer 17 (males), 26 aerodigestive tract cancers, 21, 22 and gastrointestinal complications in chronic granulomatous disease, 25 while the GA/AA genotypes have been associated with increased risk in aging Finnish males for Alzheimer's disease 12 and lung cancer. 19 The latter examples suggest that the A allele may be the higher expressing allele in certain inflammatory conditions, due to particular cytokines or transcription factors, such as estrogen receptor, or due to myeloid cell types involved, such as macrophage versus neutrophil or monocyte.
The proposed mechanisms for MPO involvement in these various disease states are related, yet different. MPO generated oxidants are likely to damage DNA in promyelocytes, increasing the frequency of breakpoints leading to myeloid leukemia. MPO is able to activate tobacco precarcinogens, such as benzo(a)pyrene, to generate compounds which form covalent links to DNA, increasing lung cancer risk. 17, 18 MPO generated oxidants released by invading macrophages may damage the myelin sheath in multiple sclerosis, 20 or promote crosslinking of amyloid beta in Alzheimer's disease. 32 MPO is known to oxidize low-density lipoprotein, 33 which promotes atherosclerosis, and consume NO, 34 which could inhibit dilation of coronary arteries.
In summary, the findings of this preliminary study suggest that in patients with chronic HCV infection, those carrying MPO genotypes GA/AA had more severe fibrosis compared to patients with the GG genotype. Whether this difference is peculiar to chronic HCV infection or maybe representative of other causes of hepatitis is unknown. Whilst we have documented this association in a clinical group of patients with chronic hepatitis C infection, further basic investigation will be required to mechanistically link these two factors, and to explore these associations in chronic hepatitis C and other chronic liver diseases.
Materials and methods
Subjects
All patients with chronic HCV infection, who participated in clinical (anti-viral) treatment trials at Scripps Clinic and Research Foundation between 1994 and 1999 were identified. These trials excluded patients with other serious comorbid disease (for example, anemia and human immunodeficiency virus infection). Of these, 166 patients had stored cryopreserved peripheral blood mononuclear cells from which MPO genotype could be identified and subsequently correlated with severity of liver fibrosis (see below). A profile of each patient was collated and maintained in a central database. From this database, estimates for duration of infection were made. The earliest date of blood transfusion and intravenous drug use to the time of liver biopsy were used to estimate duration of infection. Where these risk factors were not present, other potential portals of infection (eg, mucosal injury, body piercing, multiple sexual partners, intranasal cocaine) were used. Patients estimated their current alcohol intake.
All patients had HCV infection confirmed by antibody testing and by reverse-transcriptase polymerase chain reaction reaction (RT-PCR). Anti-HCV antibodies were detected by enzyme-linked immunosorbent assay (Ortho Diagnostics, Raritan, NJ, USA). Serum HCV RNA assays were performed by a quantitative PCR assay with a sensitivity of 100 copies per milliliter (National Genetics Institute, Los Angeles, CA, USA). HCV genotyping was performed as described elsewhere. 35 Chronic infection was confirmed by biochemical evidence of ongoing liver damage (elevated ALT values of greater than 6 month duration) and liver biopsy findings consistent with chronic hepatitis.
Fibrosis score
All patients had liver biopsies performed before initiating anti-viral treatment. These biopsies were used to correlate the MPO genotype with the degree of fibrosis. Two pathologists, who had no knowledge of the patients genotype or clinical data, independently assessed inflammatory activity and fibrosis using the Knodell and Metavir scoring systems. 36, 37 A separate series of biopsy specimens from 20 patients with chronic HCV infection was used to correlate the scores between the two pathologists. There was a high degree of correlation (r = 0.82).
Genotyping of myeloperoxidase
All clinical information was organized into a database prior to MPO genotypic analysis of genomic DNA. MPO genotyping was performed blindly, without knowledge of the clinical or treatment demographics or the biopsy fibrosis score. The genomic DNA was extracted from the cryopreserved white blood cells using standard procedures.
Polymerase chain reaction (PCR) was performed with 50-100 ng of genomic DNA with 0.2 g of each primer in a 25 l reaction volume containing 50 mM KCl, 10 mM Tris-HCl pH 8.3, 1.5 mM MgCl 2 , 200 M nucleotides, and 1 unit of Taq polymerase (Perkin Elmer Cetus). Primers (Genset, Inc.) were 5Ј CGGTATAGGCACACAA TGGTGA 3Ј and 5Ј GCAATGGTTCAAGCGATTCTTC 3Ј. The cycling conditions were 95°C for 6 min, followed by 35 cycles at 95°C for 30 s, 62°C −0.3°C per cycle, for 1 min, and 72°C for 30 s. The 350 bp reaction product was digested overnight with 10 units of AciI restriction enzyme, which cuts at −463 of the G allele and a second common site to give rise to fragments of 169, 120, and 61 bp. The A allele gives rise to fragments of 289 and 61 bp.
Statistical analysis
All statistical significance was assessed at the 0.05 level. Means and standard deviations were computed for all continuous data. Categorical data were summarized using frequencies. Difference among MPO GA/AA genotype and liver fibrosis scores were assessed using the ANOVA test. Categorical variables were analyzed using chi-square. Post hoc relationships were assessed using paired Student's t-tests. Multivariate analysis was completed using step-wise logistic regression.
